Metformin Enhances Autophagy and Provides Cardioprotection in δ-Sarcoglycan Deficiency-Induced Dilated Cardiomyopathy.
Metformin is a popular antidiabetic agent that is also used to treat heart failure patients with type 2 diabetes mellitus. Several reports suggest that metformin may also have cardioprotective effects in patients without diabetes mellitus. In the present study, we investigated the possible therapeutic effect of metformin in heart failure and its underlying molecular mechanisms using a δ-sarcoglycan-deficient mouse model of dilated cardiomyopathy. Thirty-two-week-old δ-sarcoglycan-deficient mice exhibiting established cardiomyopathy with extensive left ventricular dilatation and dysfunction were administered saline or metformin (200 mg/kg per day) for 4 weeks using osmotic mini-pumps. Metformin partially reversed the left ventricular dilatation (reverse remodeling) and significantly improved cardiac function. The hearts of metformin-treated mice showed less fibrosis, less cardiomyocyte hypertrophy, and fewer degenerative subcellular changes than saline-treated mice. These effects were accompanied by restored expression of the sarcomeric proteins myosin heavy chain and troponin I, and their transcription factor, GATA-4. Autophagy was enhanced in the hearts from metformin-treated mice, as indicated by increase of myocardial microtubule-associated protein-1 LC-3 (light chain 3)-II levels and LC3-II/-I ratios as well as levels of cathepsin D and ATP. In addition, increased numbers of autophagic vacuoles and lysosomes were accompanied increased AMP-activated protein kinase activity and suppression of mammalian target of rapamycin phosphorylation. Finally, autophagic flux assays using short-term chloroquine treatment revealed that autophagy was activated in δ-sarcoglycan-deficient hearts and was further augmented by metformin treatment. Metformin is a beneficial pharmacological tool that mitigates heart failure caused by δ-sarcoglycan deficiency in association with enhanced autophagy.